important aspects of the ICF model are body structures and functions, activities, and participation. Body structures are anatomical parts of the body such as limbs and their components. Body functions are defined as the physiological functions of body systems (including psychological functions) (eg, mobility of joints and muscle power). Activity means the execution of a task or action by an individual (eg, walking). Participation is involvement in life situations (eg, school education, employment, and recreation). Currently, no systematic review provides this knowledge for Syme amputations. This review provides health care professionals and patients with knowledge about what to expect after amputation in terms of wound healing, complications, ability to walk with a prosthesis, ambulation, and participation in everyday life. 7, 10, 14, 30, 49 were searched for studies that had not been identified in the databases. Duplicates were removed. The last search update took place on July 14, 2017. All studies went through a selection procedure by 2 independent assessors, based on title and abstract. All studies concerning patients were included. Excluded were editorials, expert opinions, commentaries, reviews, and studies written in languages other than English, Dutch, German, or French. If assessors were not sure about inclusion of a study based on title and abstract, the full text was reviewed in the next phase. Full-text studies were assessed in the same way. A study was included if it described patient-related research, if results concerning Syme amputation were presented, and if at least 1 patient-related outcome measure was presented. In case of disagreement between assessors, a discussion took place with a third assessor to reach consensus. Cohen's κ and absolute agreement were calculated. The reference lists of the identified studies were searched for additional relevant studies. Study characteristics and all patient-related outcomes of all included full-text studies were extracted, using the different domains of the ICF model as a framework. Every quantified patient-related outcome that could be arranged in a domain of the ICF model was extracted. Contributing subjective statements or narrative data were also extracted. Outcomes are presented with numbers and percentages. In the summary sections of the outcomes, 95% confidence intervals of these percentages were calculated. 37 A quality assessment of the included fulltext studies was performed by 2 independent assessors, using a slightly modified assessment form for cross-sectional studies. 47 One question regarding the presence of a study question was added.
Methods

1
Results
A total of 1433 studies remained after duplicates had been removed. After screening by title and abstract, 84 studies remained. After full-text assessment, 36 studies were included in the review (Figure 1 ).
* During the assessment of the studies, it was never necessary to consult the third assessor. Cohen's κ was 0.50 (absolute agreement 94%) for the title and abstract selection and 0.70 (absolute agreement 83%) for the full-text selection. In general, the included studies were descriptive, using several methods of data collection (eg, chart review, interview, and physical examination). The oldest study dated from 1955. 56 There were 11 studies concerning children † and 23 concerning adults.
‡ Two studies described both children and adults, of which 1 study presented separate data for both groups. 33 The other study included a majority of adults and was therefore grouped with the adult studies (22 [33%] patients 15 years or older, 45 [67%] patients older than 15 years). 6 There were 6 studies of which Pinzur was the first author. [39] [40] [41] [42] [43] [44] In 4 of these studies, the study populations seemed to partly overlap each other. 39, [41] [42] [43] This overlap was confirmed by personal communication with him. The study by Finkler et al 19 also seems to overlap with some of the studies of which Pinzur is the first author. 39, [41] [42] [43] One study performed by Pinzur et al 45 was excluded from further review because the study population fully overlapped another study. 44 The study performed by Birch et al 9 included a part of the study population of Herring et al. 25 During title and abstract selection, 7 studies were excluded because of their language: 3 Hebrew, 5, 35, 38 1 Czech, 28 2 Polish, 57, 58 and 1 Turkish. 17 In the studies concerning adults, 15 studies presented separate data for dysvascular amputee patients, 3 for traumatic amputee patients, and 2 for congenital amputee patients. In 7 studies, the study population was heterogeneous, with different underlying causes for the amputation. In these studies, presentation of patient-related outcomes was not separated for the different diagnosis groups.
Quality Assessment
Quality assessment is presented in the appendix (Appendix 2). Cohen's κ of the quality assessment was 0.67 (absolute agreement 88%). All studies reported their source of information. Most studies described the recruitment setting. Half of the studies presented a clearly and objectively stated study question. All the other items were described in a minority of studies. All studies had a cross-sectional design.
Study Population
A total of 1056 patients (238 children and 818 adults) who had undergone a Syme amputation were described (Suppl .  Table S1 ). Patient-related outcomes are presented in Supplemental Table S2 (children) and Supplemental Table  S3 (adults). Because not all outcome variables were reported in all studies, we will report the number of patients in which the outcome was present and the number of patients in which the outcome measure was investigated.
Children
The mean age of the children ranged from 4.8 to 14.8 years. There were 107 boys and 81 girls (sex was not reported in 50 children). In 223 (94%; 95% confidence interval [CI], 90%-96%) children, the reason for amputation was congenital deformity, most often longitudinal fibular deficiency with leg length discrepancies or foot deformities. Associated anomalies were present in many of the children, sometimes requiring additional operations. A bilateral Syme amputation occurred in 23 (10%; 95% CI, 7%-14%) children. The range of the mean follow-up (time between amputation and evaluation) was 6.6 to 19.2 years (Suppl . Table S1 ). In studies that reported the operation technique, the majority *Databases: Cochrane Database, PubMed, EMBASE, PsycINFO, CINAHL, and PEDro. # Amputation textbooks. 7, 10, 14, 30, 49 Other: letter to the editor (1), abstract of poster presentation (1), no full text available (1), special case presentation (6) , or same population as other study (1).
described the classic technique according to Harris, 24 without disturbing the distal tibial epiphysis, or the 2-stage approach according to Wagner. 55 Body structures and functions. In children, residual limb problems were reported in nine studies.
§ Heel pad migration was studied in 176 children, in which heel pad migration was reported in 49 children: 49 of 176 (28%; 95% CI, 22%-34%). Skin problems occurred in 23 of 128 (18%; 95% CI, 13%-26%), ulceration or infection occurred in 6 of 129 (5%; 95% CI, 2%-10%), bone problems (eg, calcaneal regrowth) occurred in 42 of 145 (29%; 95% CI, 22%-37%), and residual limb pain occurred in 1 of 22 (5%; 95% CI, 1%-22%) children. No neuromas and no reamputations were described.
Activities. In 7 studies concerning children, prosthetic fitting was described. 9, 12, 15, 18, 22, 54, 61 In these studies, 100% of the children were fitted with a prosthesis. Ambulation with a prosthesis was reported in 8 studies. 9, 11, 12, 15, 25, 33, 54, 61 In these studies, all included children were walking with a prosthesis. In 5 studies, data about gait pattern were provided: 35 of 54 (65%; 95% CI, 51%-76%) children had a normal gait pattern. 9, 11, 25, 54, 61 No information was provided about use of walking aids or about climbing stairs. Three studies provided information about walking on the bare residual limb. In total, 28 of 34 children (82%; 95% CI, 66%-92%) were able to walk without prosthesis. 9, 15, 61 Participation. Two studies presented some information on participation in children: all included patients who had reached the adult age were employed. 4, 15 One of these studies did not report the number of patients who became adults during follow-up; therefore, numbers cannot be presented here. Five studies presented data on sports: 62 of 90 included children (69%; 95% CI, 59%-78%) participated in sports activities. 9, 11, 18, 25, 61 
Adults
The mean age at amputation ranged from 37.7 to 69.4 years. Age was not reported in 5 studies, of which it was clear they concerned adult patients because of other population characteristics (eg, industrial trauma in Hornby and Harris 26 and diabetic dysvascular disease in Pinzur 44 ). There were 489 men and 131 women, and in 147 adults, sex was not reported. The underlying cause for amputation was a vascular problem in 530 (65%; 95% CI, 61%-68%) adults. In 18 adults, a bilateral Syme amputation was performed. The mean follow-up ranged from 0.5 to 22 years (Suppl. Table S1 ).
Some of the adults with vascular problems had been treated by vascular interventions prior to amputation without success. Also, some of the included adults had preexistent contralateral amputations.
Body structures and functions. For the adult population, 24 studies reported residual limb problems.
|| Heel pad migration occurred in 38 of 584 (7%; 95% CI, 5%-8%), skin problems occurred in 35 of 195 (18%; 95% CI, 13%-24%), ulceration or infection occurred in 120 of 512 (23%; 95% CI, 20%-27%), neuroma occurred in 7 of 131 (5%; 95% CI, 3%-11%), bone problems occurred in 4 of 119 (3%; 95% CI, 1%-8%), and residual limb pain occurred in 46 of 181 patients (25%; 95% CI, 20%-32%). In 919 adults, 180 reamputations were performed (20%; 95% CI, 17%-22%). Apart from some statements, presented in Supplemental Table S3 , no patient-related outcomes were found for patients with a reamputation at a higher level or for bilateral amputee patients.
Part of the adult studies reported data for 1 specific diagnosis group, and some studies presented separate data for the different diagnosis groups (Suppl. Table S4 ). These studies showed that ulceration, infection, necrosis, and wound dehiscence were reported in 85 of 317 (27%; 95% CI, 22%-32%) vascular patients. In trauma patients, this occurred in 6 of 81 (7%; 95% CI, 3%-15%) patients, and in the congenital group, no data were reported. Failure of wound healing occurred in 78 of 329 (24%; 95% CI, 19%-29%) dysvascular patients and in 4 of 83 (5%; 95% CI, 2%-12%) trauma patients. Reamputation at a higher level occurred in 112 of 483 (23%; 95% CI, 20%-27%) dysvascular patients and in 51 of 213 (24%; 95% CI, 19%-30%) trauma patients.
Activities. In the adult population, information on prosthesis fitting was provided in 13 studies.
¶ In these studies, 247 of 363 adults (68%; 95% CI, 63%-72%) were fitted with a prosthesis. Walking with prosthesis was described in 17 studies, with 428 of 512 adults (84%; 95% CI, 80%-87%) being able to walk with a prosthesis.
# Seventeen of 46 adults had a normal gait (data of 1 study). 23 A cane or a walker was used in 45 of 135 adults (33%; 95% CI, 26%-42%). Reasons for use of walking aids were not described. Climbing stairs was possible in 81 of 119 adults (68%; 95% CI, 59%-76%) (2 studies). 6, 32 Six studies provided data on walking on the bare residual limb: 97 of 234 adults were able to walk a short distance on the bare residual limb (41%; 95% CI, 35%-48%). In the dysvascular group, 135 of 196 (69%; 95% CI, 62%-75%) patients were fitted with a prosthesis. In the traumatic amputees, prosthesis fitting was reported in 90 of 116 (78%; 95% CI, 70%-84%) patients. Use of walking aids was reported in 37 of 79 (47%; 95% CI, 36%-58%) dysvascular amputee patients and in 8 of 35 (23%; 95% CI, 12%-39%) traumatic amputee patients (Suppl . Table S4 ).
Participation. For the adult population, employment was described in 6 studies: 147 of 209 adults had an unchanged employment status after amputation (72%; 95% CI, 64%-78%). 6, 23, 26, 33, 34, 56 Social activities were described in 3 studies, and these were unchanged in 113 of 171 adults (66%; 95% CI, 59%-73%). 23, 26, 34 No information was provided on participation in sports activities for the adult population.
In the dysvascular population, 5 of 20 (25%; 95% CI, 11%-47%) patients were regularly employed. For the traumatic amputee patients, this was reported in 77 of 116 (66%; 95% CI, 57%-74%) (Suppl. Table S4 ).
Discussion
After Syme amputation, in children, bone problems and heel pad migration were the most frequent residual limb problems, followed by skin problems. In adults, infections, ulcerations, necrosis, wound dehiscence, and residual limb pain were most frequent. Reamputations at a higher level were performed in 0% of children and 20% of adults during the follow-up periods of the included studies.
Many of the included Syme amputee patients had been provided with a prosthesis. In children, the prosthesis process seemed more often successful, with a larger percentage of children walking with a prosthesis compared to the adult population. About one-third of the adult prosthesis wearers used walking aids. The reasons for this were not described in the majority of studies. Most children were able to walk on their bare residual limb, while in adults, this was possible in about 40%.
Few data were found concerning participation. In adults, about 70% had an unchanged employment status. The majority of the children participated in sports; for adults, no information was found regarding this subject. About twothirds of the adults were able to remain as socially active as they were before the amputation.
Overall Completeness and Applicability of Evidence
The interpretation of the results is limited because of heterogeneous study populations, incomplete and heterogeneous reporting of data, poor operationalization of outcomes, absence of control groups, and cross-sectional design of the included studies. The quality assessment showed that none of the studies met all of the quality items.
In most studies, inclusion and exclusion criteria were not provided in a clear manner, time frame of recruitment was not reported or reported unclearly, recruitment of the study population was unclear, and response rate and missing data were not reported. These points taken together lead to concerns about the risk of selection bias, with a possibility that only the more successful patients were included in the studies. The study question was not clearly reported in half of the included studies. The level of evidence of the included studies is low.
We missed some patients because they were included in studies written in languages that did not meet our inclusion criteria. 5, 17, 28, 35, 38, 57, 58 We assume that their number is small, since the studies of which an English abstract was available reported 1 to 2 patients each. 17, 35, 57, 58 The research methods of the included studies were quite variable, with different outcome measures, different durations of follow-up, and different patient categories. Therefore, data were pooled in a straightforward way to obtain a comprehensible overview. Included studies used different definitions for their outcome variables. Symptoms were sometimes reported only when they were the cause of a reamputation, while in other studies, they were also reported as a temporary problem that could be solved in a conservative way. We chose not to report phantom limb pain because definitions of this symptom were too unclear and too inconsistent. The study by Baker and Stableforth 6 included adults and children of which outcomes were not described separately. We included this study in the category of adults, because most of the patients were adults.
Our results show a discrepancy in the reporting of fitting with a prosthesis and walking with a prosthesis (in adults, 247/363 = 68% were fitted with a prosthesis and 428/512 = 84% were walking with a prosthesis). This is an example of the heterogeneity in reporting outcomes. Reporting walking with a prosthesis implies that fitting with a prosthesis had also taken place, but fitting with a prosthesis was not always reported. No information was found concerning differences in functional outcome related to different prostheses. The large heterogeneity of operative techniques should also be taken into account looking at the results. Several modifications, small and large, have been performed in the included studies (Suppl . Table S1 ). Little information was found concerning the functional abilities of childhood amputee patients when they had reached adult age, apart from some statements about employment during adulthood. We found little information concerning the participation level of patients; information was anecdotal. In most of the studies, especially in the adult vascular populations, many comorbidities were described. It was not possible to make any statements about the influence of these comorbidities on functioning. This is because of the heterogeneous and sometimes unclear reporting and because of the cross-sectional design of the studies.
It was not possible to make a reliable comparison between different adult diagnosis groups since only a minority of studies reported separate data for the congenital or traumatic patients. Most studies with 1 diagnosis group or separate presentation of data concerned the dysvascular group. Furthermore, a big part of the studies concerned a heterogeneous group of patients with different diagnoses. We tried to pool the available diagnosis-specific data, only to see whether there seemed to be a difference in the reporting of certain outcome measures. Taking a closer at these outcomes, there is, for example, an apparent discrepancy between the similar percentage of reamputations in dysvascular and traumatic adult amputee patients and the higher frequency of failure of wound healing in the dysvascular group. Based on clinical experience, one would expect the amount of reamputations also to be higher in the dysvascular group. The separated data for the traumatic and dysvascular amputee patients lead to a suggestion of a greater frequency of wound-healing problems, a greater frequency of use of walking aids, and a lesser frequency of regular employment in the dysvascular amputee patients.
It was not possible to present an overview of patient satisfaction because no studies presented clear data on this subject. We did not find any information concerning the role of rehabilitation or physical therapy.
Comparison to Available Literature
We did not find any review articles reporting functional outcomes in patients with Pirogoff or Chopart amputations. A review concerning quality of life in persons with partial foot or transtibial amputations showed that there is insufficient evidence about differences in quality of life among the 2 different amputation levels. 46 Quality of life in this respect concerned the interaction between the physical, psychological, societal, and economic factors relevant to individuals and their health conditions. The articles included in the review were generally of poor quality. This finding was confirmed by Dillon et al. 13 Their systematic review reported outcomes of dysvascular partial foot amputations compared to transtibial amputation. There was uncertainty about the functional ability outcomes because of too few studies. Mobility levels seemed similar in people with transmetatarsal amputation and transtibial amputation. The reviewers did not find studies reporting about participation, pain, or psychosocial outcomes that included discrete groups with partial foot amputations.
Conclusions
In children, no reamputations were necessary and few complications occurred, with good participation in daily life in most children. In adults, there were more complications and reamputations, but nevertheless, most amputee patients became successful prosthesis users. Based on this review, no statements can be made about particular indications for a Syme amputation. We have not found prospective studies that include validated patient-related outcomes or consistent quality to make the decision toward selecting Syme level in adults. In children, there is a little more support, but the evidence is still not enough to substantiate the choice for a Syme amputation. Because of the cross-sectional nature of the included studies and the lack of comparative studies, it is not possible to make a comparison with a transtibial amputation.
For future research, we would recommend performing prospective studies with good methodological quality, with clear inclusion and exclusion criteria and clear outcome measures. Future research should focus more on activities, participation, and patient satisfaction in Syme amputee patients. However, since the Syme amputation is a rarely performed amputation, databases should be created in which data regarding indication and outcomes on all levels of the ICF model are documented. We also recommend comparison with at least 1 alternative treatment (eg, transtibial amputation) to help understand the utility of a Syme amputation.
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